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ABSTRACT 
 
Fatty acids ω--3 and ω--6 composition  and specially DHA were determined  in freeze-dried chicken embryo eggs 
with pre-determined incubation periods. Fertile and embryo eggs presented palmitic (23.18 + 0.54%), stearic (7.70 
+ 0.28%), palmitoleic (3.00 + 0.19%), oleic (36.28 + 0.58%), linoleic (22.18 + 0.34%), linolenic (1.08 + 0.04%), 
arachidonic (2.04 + 0.03%), docosahexaenoic (0.91 + 0.03%), total ω-3 acids (2.26 + 0.10%) and total ω-6  acids 
(24.62 + 0.33%). There were no significant differences in total  contents of ω-3  fatty acids (p=0.1226) between 
freeze-dried chicken embryo eggs  with different incubation periods (3, 5, 7, 9, and 11 days) and fertile freeze-dried 
chicken eggs (day 0). However, there were significant differences in total medium contents of ω-6 fatty acids 
(p=0.0001). There was also a strong statistical evidence that quadratic model was related with expected values of 
DHA content (p= 0.0013). 
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INTRODUCTION 
 
Since ancient times chicken embryo eggs, fertile 
eggs and unfertilized eggs have been used by  
humans as food and also in the treatment of 
diseases. From the nutrition point of view, eggs 
have been always one of the most complete foods 
available for man (Thapon and Bougeois, 1994). 
Besides vitamins and mineral elements, eggs can 
provide three essencial elements for a good diet: 
proteins, lipids and carbohydrates (Beig and 
Garcia, 1986).  
In recent times, cardiovascular diseases in 
occidental populations have increased and, 
consequently, caused an increase in people’s 
interest for foods that have the capacity of 
preventing these pathologies. Polyunsaturated fatty 
acids, mainly those of ω-3 family, such as 
docosahexaenoic  (DHA), have a very important 
role in these diseases prevention, because of its 
property of decreasing the blood pressure and 
being a reducer of rates of blood plasma’s 
triglycerides (Park et al., 1997).  According to 
Connor (2000), there was a strong evidence of 
inverse relation between quantity of ω-3 fatty 
acids in diet, blood and tissues, and coronary 
diseases and their complications. Other effects 
attributed to ω-3  fatty acids included an increase 
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of memory capacity, visual development, and 
formation of cerebral tissue (Park  et al., 1997). 
Nettleton (1995) reported that ω-3 fatty acids 
family have shown therapeutic effects also in 
diabetes Type II. They offer a benefic potential 
effect because they reduced the triglycerides rates 
and, interrelation between glucose and lipid 
oxidation, which acted on prostaglandins and 
insulin secretion. 
ω-3 fatty acids, therefore, are considered  benefic 
and researches have been trying to increase their 
quantity in food, specially eicosapentaenoic 
(EPA), or docosapentaenoic (DPA) and 
docosahexaenoic (DHA) (Stadelman and Pratt, 
1989). Ferrier et al. (1995) mentioned that eating 
eggs enriched with ω-3 fatty acids produced 
significant increase in docosahexaenoic acid 
(DHA) concentration and other polyunsaturated ω-
3 fatty acids in phospholipid fraction of human 
blood. 
Lin et al. (1991) recommended including ω-3 and 
ω-6 in food for children.  They pointed out that 
when only α-linolenic acid was present in diet, it 
could be deficient in the reserves of DHA in the 
brain and the retina. Health and Welfare Canada  
recommend to ingest  ω-3 fatty acids daily for all 
ages people,  1.1 g/day for women and 1.5 g/day 
α-linolenic acid for men (Ferrier et al., 1995). ω-3 
fatty acids are essential in human pregnancy and 
childhood. DHA is transferred to fetus by the 
placenta during pregnancy and it is present in 
human milk along with other ω-3 fatty acids 
including α-linolenic  (Connor, 2000).  
Embryo chicken eggs could be a natural source of 
ω-3 fatty acids, mainly of DHA, because several 
studies have demonstrated that embryo’s fatty 
acids and lipids composition is completely 
different from original yolk, from which embryo is 
derived (Speake et al., 1998).  
 
 
MATERIALS AND METHODS 
 
Preparation of sample units 
Chicken embryo eggs (Gallus gallus domesticus 
L.) were obtained from  Isabrown  fertile eggs, 
incubated at 39oC + 0.5oC for  0, 3, 5, 7, 9 and 11 
days. The Isabrown hens were  bred in intensive 
outdoor raise system, according to Salatin (1993).  
The shell of incubated eggs was removed 
aseptically in sterile plates and the stage of  
development of the embryo was verified.  
The remaining content was homogenized,  fronzen 
and freeze-dried  using a  BagMixer (Interscience, 
France),  a plate freezer  (Frigostrella, Brazil) and  
Micromodulyo Freeze Dryer (Edwards, E-C 
Apparatus, USA).  The freeze-dried product was 
packed in 30g plastic flasks, sealed and labeled. 
Samples of the flasks were selected for analysis 
using random numbers (Vieira and Hoffmann, 
1989). 
 
Fatty  acids composition 
Fatty acids were determined by gas 
chromatography  (AOCS - Ce 1f - 96) adapted by 
Abril and Barclay (1999), in which fatty acids are 
identified by comparison of pattern retention times 
and quantified by areas standardization, using a 
gas chromatograph (Perkin Elmer 8420) and a 
capillary silica column  (CP-Sil-88, N° 985132, 50 
m x 0,25 mm). 
 
Statistical design 
For analyzing the statistical data variance analysis 
with contrasts and regression analysis was applied 
using software Statistica for Windows version 5.1 
and SAS System for Windows version 6.12. 
 
 
RESULTS AND DISCUSSION 
 
Fatty acids composition in freeze-dried chicken 
embryo eggs with different incubation periods 
could be observed at Table 1. 
Table 1 showed that  fertile and embryo eggs 
could be sources of saturated fatty acids: palmitic 
(average: 23.18 + 0.54%) and stearic (average: 
7.70 + 0.28%);  unsaturated: palmitoleic (average: 
3.00 +  0.19%), oleic (average: 36.28 + 0.58%), 
linoleic (average: 22.18 + 0.34%), linolenic 
(average: 1.08 + 0.04%), arachidonic (average: 
2.04 + 0.03%)  and docosahexaenoic (average: 
0.91 + 0.03%).  These result were similar with 
averages values found by Ferrier et al. (1995) for 
fatty acids composition in eggs used as control. 
Bragagnolo and Turatti (1999) found DHA 
contents in “light eggs” (with reduced lipids and 
cholesterol and enriched with ω-3 acids) around 
1.5%. Compared with these results, embryo eggs 
produced in this work, presented contents of 0,6% 
lower than enriched eggs available at market. 
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Table 1 - Average of fatty acids composition in sample units of freeze-dried chicken embryo eggs (Gallus gallus 
domesticus L.) with different incubation periods. 
Fatty acids (%) 0 3 5 7 9 11 
 
C14:0 Miristic 0.32 0.30 0.36 0.32 0.32 0.27 
C16:0 Palmitic 23.91 23.11 23.11 23.27 22.27 23.43 
C16:1 Palmitoleic 3.00 3.02 3.19 3.00 3.14 2.64 
C18:0 Stearic 7.66 7.87 7.37 7.77 7.43 8.12 
C18:1 Oleic (ω - 9) 35.78 36.59 35.68 36.13 37.25 36.26 
C18:2 Linoleic (ω - 6) 21.90 22.14 22.71 22.13 22.39 21.78 
C18:3 Linolenic (ω - 3) 1.11 1.01 1.09 1.10 1.11 1.05 
C20:3 Eicosatrienoic (ω - 6) 0.45 0.40 0.41 0.38 0.37 0.40 
C22:0 Behenic 0.26 0.25 0.27 0.28 0.27 0.26 
C20:4 Arachidonic (ω - 6) 2.02 2.09 2.04 2.05 2.00 2.05 
C22:5 Docosapentaenoic (ω - 3) 0.22 0.16 0.37 0.30 0.30 0.30 
C22:6 DHA (ω - 3) 0.95 0.89 0.86 0.90 0.91 0.94 
Total of ω-3 acids 2.28 2.06 2.32 2.30 2.32 2.29 
Total of  ω-6 acids 24.37 24.63 25.16 24.56 24.76 24.23 
Operating conditions: gas chromatograph - Perkin Elmer 8420; capillary silica column - CP-Sil-88, No 985132, 50 m x 0,25 
mm; oven temperature: 160oC-10 min, 160-200oC (4oC/min), 200oC-20 min; detector temperature: 300oC;  injector temperature: 
270 oC; 1,0 µL injection; helium carrier gas (He): 45 psi - gas flow 0,98mL/min; Split: 1:55.    
 
 
Fig. 1 shows the contents of ω-3 and ω-6 fatty 
acids according to incubation periods in freeze-
dried chicken embryo eggs. Results indicated that 
fertile and embryo eggs could represent a source 
of polyunsaturated fatty acids, including ω-3 fatty 
acids. 
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Figure 1 - Content of ω-3 and ω-6  fatty acids versus 
development period in freeze-dried chicken 
embryo eggs. 
 
 
Table 2 shows the variance analysis with contrasts 
in which there are comparisons of total medium 
contents of fatty acids ω-3 and ω-6 in fertile    
eggs (day 0) with those in embryo eggs (3, 5, 7, 9, 
and 11). 
Table 2 - Variance analysis with contrasts of total 
content in  ω-3 and ω-6 fatty acids in freeze-dried 
chicken embryo eggs  with different incubation periods. 
source of 
variation 
F p-value 
linear 0,13 0,7347 
quadratic 31,99 0,0013* 
 
 
There are no significant differences in total 
medium contents of ω-3  fatty acids (p=0.1226), 
between freeze-dried chicken embryo eggs  with 
different incubation periods (3, 5, 7, 9, and 11 
days) and fertile freeze-dried chicken eggs (day 0) 
(Table 2).  These embryo eggs presented a 
medium content of these acids 0.022% less than 
fertile eggs. However, there were significant 
differences in total medium contents of ω-6 fatty 
acids (p=0.0001), between freeze-dried chicken 
embryo eggs with different incubation periods and 
freeze-dried fertile eggs. Embryo eggs presented a 
medium content of these acids 0.294% more than 
fertile eggs. 
Noble and Cocchi (1990) founded that:  there were 
changes in composition of ω-6 and ω-9  fatty acids 
during incubation process, the composition and 
distribution of fatty acids from triglycerides 
fraction in yolk and of yolk sac membrane 
remained unaltered and, there were expressive 
changes in cholesteryl ester fraction and 
phospholipids. Researches have shown that more 
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than 90% of total energy required by embryo is 
supplied by β-oxidation of fatty acids derived from 
yolk lipids (Noble and Cocchi, 1990; Cherian and 
Sim, 1993  and  Speake et al., 1998).  Maldjian et 
al.. (1995) reported that arachidonic acid ω-6 was 
relatively resistant to β-oxidation during the 
development of the chicken embryo. Cherian et al. 
(1997) also suggested that concentration of 
arachidonic acid and docosahexaenoic acid (DHA) 
were different during incubation. These acids 
presented a pattern of transference of yolk to 
embryo different from others and they depended 
on supply from yolk. 
Table 3 and Fig. 2 represented regression analysis 
and scatter diagram of DHA content in freeze-
dried chicken embryo eggs with different 
incubation periods. There was  strong statistical 
evidence that quadratic model was related to 
expected values of DHA content (p=0.0006) and it 
originated the following equation: 
 
%  DHA = 0,942 - 0,02days + 0,0022 days2 
 
 
Table 3 - DHA content regression analysis  in freeze-
dried chicken embryo eggs  with different incubation 
periods. 
contrast estimate F p-value 
ω-3 - 0,022 3,23 0,1226 
ω-6 0,294 617,40 0,0001* 
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Figure 2 - Scatter diagram of DHA medium content (%) in sample units of freeze-dried chicken 
embryo eggs  with different incubation periods. 
 
 
A probable explanation for this model was that: at 
the 5th day of development, the  phospholipids 
fractions which contained DHA  were preferably 
removed from the yolk  sack  before the largest 
period of  the embryo’s growth. On the 5th day of 
development the yolk sac was already complete 
and it surrounded the whole yolk.  The yolk sack 
was one of the extra-embryo structures that had 
the function to remodel lipids structures  related to 
the DHA contents. (Noble and Cocchi, 1990; 
Speake et al., 1998).    
Farkas et al. (1996) have shown that there was a 
preferential exit of phospholipids that contained 
DHA from the yolk to the membrane of this 
structure.There were also evidences, that inside  
the  yolk sac membrane, DHA was changed  from 
the phospholipids fractions of the yolk to 
lipoproteins triglicerides fractions that became part 
Composition of ω-3 and ω-6 Fatty Acids in Freeze-Dried Chicken Embryo Eggs 
Brazilian Archives of Biology and Technology 
223 
of the  embryo’s circulation (Farkas et al., 1996; 
Cherian et al., 1997; Speake et al., 1998).   
Results allowed to deduce that  chicken embryo 
development among  0 and 11 days of incubation 
didn't change  the  medium totals  contents of ω-3 
acids, but they changed the medium totals contents 
of ω-6 acids. Starting from 5th day of incubation, 
DHA was preferably removed from the yolk 
before the largest period of  the embryo’s growth,  
for being associated to the growth and the 
development of the tissues and  organs of the 
nervous system.   And so,  fertile  and embryo 
eggs could be useful in human diet as sources of 
long chain ω-3 (DHA)  ω-6 (arachidonic acid) 
fatty acids. 
 
 
RESUMO 
 
No presente trabalho, foi determinada a 
composição em ácidos graxos ω-3, ω-6 e, em 
especial, o DHA em ovos de galinha embrionados 
e liofilizados com períodos de incubação pré-
estabelecidos. De acordo com os resultados 
obtidos, os ovos férteis e embrionados 
apresentaram a seguinte composição média de 
ácidos graxos saturados: palmítico (23,18 + 0,54%) 
e esteárico (7,70 +  0,28%); insaturados:  
palmitoléico (3,00 +  0,19%), oléico  (36,28 + 
0,58%), linoléico (22,18 + 0,34%), linolênico (1,08 
+ 0,04%),  araquidônico (2,04 + 0,03%)  e DHA 
(0,91 + 0,03%); total de ácidos ω-3 (2,26 + 0,10%) 
e total ácidos ω-6 (24,62 + 0,33%).  Verifica-se 
que  não há diferenças significativas nos teores 
médios totais de ácido graxos ω-3 (p=0,1226),  
entre os ovos embrionados liofilizados com  
diferentes dias de incubação (3,5,7,9, e 11 dias) e 
ovos férteis liofilizados (dia 0). Porém, há  
diferenças significativas nos teores médios totais 
de ácidos graxos ω-6 (p=0,0001). Também, há 
uma forte evidência estatística que o modelo 
quadrático está associado com os valores esperados 
do teor de DHA (p=0,0013). 
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